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(57) Abstract 

The present invention relates to a base station of a radio system whose antenna means (II) include: means (6 to 8) for receiving 
signals associated with the same logical channel by at least two antenna beams (I to 4X measuring means (8) for measuring the signal level 
of (he signals received by the antenna beams, and control means (8) for selecting one or more antenna beams () to 4) and for supplying 
the signals of the selected antenna beam to a receiver unit (5) of the base station (BTS1). In order that the best possible signal would 
be definitely transmitted to the base station, the base station (BTS1) comprises means for measuring the quality of the signals and for 
generating z quality signal (BER) and for supplying it to the control means (8). and the control means (8) are arranged to select an antenna 
beam (1 to 4) on the basis of the signal level measured by the measuring means and the quality signal (BER) supplied to the control means. 



BEST AVAILABLE COPY 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


US 


Lesotho 


St 


Slovenia 


AM 


Armenia 


Ft 


Protend 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France . 


Ul 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TO 


Chad 


BA 


Bosnia and Herzegovina 


GK 


Georgia 


MD 


Republic of Moldova 


TC 


Togo 


BB 


Barbados 


GK 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trnudsd and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KB 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CK 


Switzerland 


KG 


KyrgyzatBD 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cote cttvoirc 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakatan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Locia 


RU 


Russian Federation 






DB 


Germany 


U 


IJnrhtrmtrin 


SO 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


5E 


Sweden 






KE 


Estonia 


LR 


Liberia 


SG 


Singapore 







PCT/FI97/00307 



WO 97/44*78 



METHOD AND SYSTEM FOR SELECTING AN ANTENNA BEAM OF A BASE STATION OF A 
RADIO SYSTEM 

The present invention relates to a method for selecting an antenna 
beam of a base station of a radio system from among two or more optional 
antenna beams, which antenna beams are arranged to receive signals 
5 associated with the same logical channel, in which method antenna means of 
the base station are provided with measuring means for measuring the signal 
level of a received signal, the signal level of the signals received by different 
antenna beams is measured and the antenna beam that has received the 
signals with the strongest signal strength is selected for use, and the signals 

10 received by the selected antenna beam are supplied further to a receiver unit 
of the base station situated at a distance from the antenna means. The 
invention also relates to a base station of a radio system whose antenna 
means include means for receiving signals associated with the same logical 
channel by at least two antenna beams, measuring means for measuring the 

15 signal level of the signals received by the antenna beams, and control means 
for selecting one or more antenna beams and for supplying the signals 
received by means of the selected antenna beam or antenna beams further to 
a receiver unit of the base station arranged at a distance from the antenna 
means. The invention further relates to a cellular radio system including a 

20 base station comprising antenna means arranged at a distance from the base 
station for receiving radio signals associated with the same logical channel by 
at least two antenna beams, measuring means for measuring the signal level 
of the signals received by the antenna beams, and control means for selecting 
one or more antenna beams and for supplying the signals received by means 

25 of the selected antenna beam or antenna beams further to a receiver unit of 
the base station, and a network management centre connected by means of a 
data transmission connection to the base station. 

This invention especially relates to the size of the radio coverage 
area of base stations in a cellular radio system. It has proved to be very 

30 difficult to cover large, almost uninhabited areas by a cellular radio system as 
the need for traffic capacity in these areas is generally so low that increasing 
the coverage area of the system by new base stations is a too expensive 
alternative. To cover a large area by a few base stations is often almost 
impossible because of path attenuation. Especially on higher frequencies, 

35 such as 1800 or 1900 MHz, path attenuation is significant. 
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Most often the geographical area covered by the base station can 
be enlarged at least to some extent by increasing the transmission power of 
base station transmitters, but a problem will then be the insufficient 
transmission power of subscriber terminal equipments which in practice 
5 determines the largest possible size of the coverage area. That is, although 
the subscriber terminal equipments were able to receive signals sent by the 
base station on a higher power than normal, the base station is not able to 
receive signals sent by subscriber terminal equipments. 

One known solution for improving the reception ability of base 

10 stations is that the antenna beams of base stations are narrowed, whereby a 
geographical area of a specific size is no longer attempted to be covered by 
one wide beam antenna element, but several narrow beam receiving antenna 
elements are directed thereto. The division of the geographical area covered 
by the base station into narrower beams than before entails, however, that the 

15 number of beams and the available antenna elements will grow significantly, 
which in turn sets new requirements for the cabling of the base station, for 
example. As a base station is generally situated at a distance from antenna 
means, that is, in practice on ground level next to an antenna mast, it is 
advantageous to the cabling of the base station that signals received by only 

20 one or two (diversity reception) antenna beams, for example, are directed to 
the base station because then the number of cables needed between the 
antenna mast and the base station remains low. 

A base station is previously known where an antenna mast is 
provided with a separate control unit, that is, a so-called RSSI receiver 

25 (Received Signal Strength Indication). The antenna mast comprises means for 
receiving signals with several narrow beam antenna beams, in which case the 
signals received by different antenna beams and associated with the same 
logical channel are directed to the inputs of the control unit. After this the 
control unit measures the signal level of a signal received for each signal 

30 supplied thereto and selects the signal with the strongest signal strength to be 
supplied further to the receiver unit of the base station. 

The most significant weakness of the prior art base station 
explained above is that because the control unit selects the signal to be 
supplied to the base station only on the basis of its signal strength, the control 

35 unit may under unfavourable conditions be locked into an incorrect signal. 
That is, if in the environment of the base station there is some strong source of 
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disturbance (e.g. a faulty radio link) whose frequency corresponds to the 
frequency channel used by a mobile station, for example, and whose signals 
are heard stronger at the base station than the signals of the mobile station, it 
may happen that the control unit transmits to the receiver unit of the base 
5 station a signal originating from the source of disturbance in place of the signal 
sent by the mobile station, in which case the connection between the base 
station and the mobile station will break. 

The object of the present invention is to solve the problem 
explained above and attain a method for selecting an antenna beam of a base 

10 station in such a manner that the best possible signal will be definitely 
transmitted to the base station, even under disturbed conditions. This object is 
achieved with the method of the invention that is characterized by monitoring 
the quality of the signals received by the receiver unit of the base station by 
means of said selected antenna beam, and selecting some other antenna 

15 beam for use in place of the first selected antenna beam if the quality of the 
signals received by the receiver unit falls below a predetermined reference 
level. 

The invention also relates to a base station to which the method of 
the invention can be applied. The base station of the invention is characterized 

20 in that the base station comprises means for measuring the quality of the 
signals received by the receiver unit from the antenna means and for 
generating a quality signal responsive to the quality of the signals and for 
supplying it to the control means, and that the control means are arranged to 
select said one or more antenna beams on the basis of the signal level 

25 measured by the measuring means and the quality signal supplied to the 
control means. 

The invention is based on the idea that the selection of the most 
suitable antenna beam will be significantly easier, and that the reception 
conditions of the base station are significantly improved especially in disturbed 

30 conditions when in addition to the strength of the received signal, the quality of 
the signal is taken into consideration in the selection of the antenna beam. As 
known base stations are already able to find out the quality of the signals 
received by their receiver units, this feature can be utilized according to the 
invention so that a signal describing the quality of the signal is directed from 

35 the base station to a control unit arranged in association with the antenna of 
the base station. In that case the control unit is able to pay attention both to 
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the signal strength and signal quality in the selection of an antenna beam. As 
the information representing the quality of the received signal is conveyed to 
the control unit from the base station, the method of the invention can be 
employed without it requiring complicated features that raise the price of the 
5 control unit. It is therefore necessary to add only a port to a control unit (RSSI 
receiver) known per se for receiving a signal representing quality and logic (a 
computer program) for selecting an antenna beam in accordance with the 
invention. 

The invention further relates to a cellular radio system where the 

10 method of invention and the base station of the invention can be employed. 
The cellular radio system of the invention is characterized in that the base 
station comprises means for measuring the quality of the signals received by 
the receiver unit from the antenna means and for generating a quality signal 
responsive to the quality of the signals and for supplying it to the control 

1 5 means, in which case the control means are arranged to select said one or 
more antenna beams on the basis of the signal level measured by the 
measuring means and the quality signal supplied to the control means, that 
the base station comprises means for sending information representing the 
signal level of the received signals and the quality of the signals received by 

20 the receiver unit separately for each antenna beam to the network 
management centre by means of said data transmission connection, and that 
the network management centre includes data processing means for 
processing data received from the base station to find out the disturbance 
level in the environment of the base station. 

25 By means of values representing the strength and quality of the 

signals received by the base station, the operator may collect for the network 
management centre information about disturbances in the geographical area 
covered by the cellular radio system. That is, because the base station is able 
to identify a disturbed signal in such a manner that the strength of the signal is 

30 great but the quality of the signal falls below the predetermined level (as it is 
an incorrect signal), the base station is able to collect a significant amount of 
information that the operator can utilize for scanning disturbances. This 
information is for example the directions in which the source of disturbance is 
situated, the frequency of disturbance and the time when the disturbance 

35 occurred. By means of this information, the operator may try to trace the 
source of disturbance, especially if it is a regularly occurring disturbance. 
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The preferred embodiments of the method and the base station of 
the invention appear from the appended dependent claims. 

In the following, the invention will be explained in more detail with 
reference to the accompanying figures, where 
5 Figure 1 shows a block diagram of a first preferred embodiment of 

the base station of the invention, 

Figure 2 illustrates the directing of the antenna beams of the base 
station of Figure 1 , 

Figure 3 shows a flow diagram of a first preferred embodiment of 

1 0 the method of the invention, and 

Figure 4 illustrates a first preferred embodiment of the cellular radio 
system of the invention. 

Figure 1 shows a block diagram of a first preferred embodiment of 
the base station of the invention. The base station of Figure 1 can be a base 

1 5 station of the GSM cellular radio system (Groupe Special Mobile), for example, 
comprising one receiver 5 for receiving signals received by means of antenna 
beams 1 to 4. The base station may also have other receivers which also 
receive signals transmitted by means of the antenna beams 1 to 4. In that 
case the base station preferably has branching elements (not shown in the 

20 figures) between amplifiers 6 and an RSSI receiver 8, in which case the 
received signals are branched by means of the branching elements to each 
receiver or to the RSSI receiver corresponding to it. 

Amplifiers 6, filters 7 and the RSSI unit 8 in Figure 1 are integrated 
into one assembly 11 which is arranged to an antenna mast. If there is one 

25 antenna with several antenna elements, the unit 11 can be attached to the 
rear surface of the antenna, for example. Thus the cabling of the base station 
will be simpler as a separate cable to the receiver 5 is not needed for each 
antenna beam 1 to 4, but it is sufficient that the received signals are conveyed 
from the antenna mast to the receiver unit 5 of the base station BTS1 with two 

30 antenna cables (or with one if the receiver does not utilize diversity reception). 

The signals received by the antenna beams 1 to 4 of the base 
station are supplied via band-pass filters 7 and pre-amplifiers 6 to the RSSI 
receiver 8 (Received Signal Strength indication). As can be seen in Figure 1 , 
the RSSI receiver comprises more inputs than outputs, that is, four inputs and 

35 two outputs 12 and 13. The number of the inputs and similarly the receiving 
antenna beams can be greater (or smaller) than four. 
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The RSSI receiver 8 comprises measuring means by means of 
which it selects two signals with the strongest signal strength to be supplied 
further via its outputs 12 and 13. A frame clock signal CLK is supplied to the 
RSSI receiver in order that the RSSI receiver would be able to operate 
5 separately for each time slot, that is, by means of this clock signal, the RSSI 
unit 8 decides to which time slot the received signal belongs. Therefore the 
RSSI receiver selects the two strongest signals in each time slot. Supplying 
the time slot clock CLK to the RSSI receiver 8 also makes it possible for the 
RSSI receiver to take samples between the time slots, that is, at a moment 
10 when there should be no traffic on the frequency channel In question. The 
signal strength measured at that moment represents disturbances caused by 
the environment. 

A signal TSO indicating a null time slot is also supplied to the RSS! 
receiver 8. The RSSI receiver 8 requires this time slot to be indicated because 

15 in the GSM system, there is no continuous traffic in this time slot, but the 
mobile station uses it only to show that it has entered the network. As the 
RSSI receiver 8 has not necessarily selected for use the beam (or those 
beams) that will point towards the mobile station that has entered the network, 
the first access burst sent by the mobile station can remain to be undetected 

20 by the base station. The RSSI receiver 8 will, however, detect it. In order that 
the next burst would not be unnoticed by the base station, the RSSI receiver 
should after this connect this beam to the receiver unit of the base station for 
the duration of 50 time slots because the mobile station will resend an RACCH 
burst after 2 to 50 time slots. This operation on the basis of one measuring 

25 result as explained above should be avoided on other time slots, but on the 0 
time slot it is necessary. Therefore the 0 time slot should be indicated for the 
RSSI receiver so that it could select the correct beam direction algorithm. 

In the RSSI receiver 8 there may be e.g. a 16-bit processor which 
attends to the beam selection and the physical measuring activity and its 

30 timing with the AD converter. In addition to this, the RSSI may also have 
another, a more powerful processor by means of which the RSSI receiver 
estimates the measuring results and information from the base station in order 
to have as much profit from them as possible. 

The receiver 5 of the base station BTS1 carries out diversity 

35 reception in a manner known per se for signals supplied further via its inputs 9 
and 10 to the baseband part BB by applying baseband maximum ratio 
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combination, whereby an amplification of about 3 dB can be attained in 
reception because of signal combination. The receiver 5 monitors in the 
manner known as such the quality of the signals received by it by indicating a 
signal noise ratio S/N or by calculating a bit error ratio BER. In accordance 
5 with the invention, the base station BTS1 generates a quality signal BER, 
which is based on the quality of the signal observed by the receiver, the quality 
signal being based in the case of Figure 1 on the bit error ratio of the signals 
received by the receiver 5. The base station BTS1 supplies the quality signal 
BER to the RSSI receiver, in which case the RSSI receiver is transmitted 

1 0 information on the quality of those signals it has selected to be forwarded. 

For example, an RS-422 bus known per se can be the connection 
between the RSSI receiver and the base station BTS1 by means of which the 
time slot clock CLK, the signal TSO indicating the 0 time slot and the quality 
signal BER are supplied from the base station to the RSSI receiver. Therefore 

15 by utilizing this connection, information can also be transferred from the RSSI 
receiver to the base station when required. 

The quality signal BER supplied to the RSSI receiver 8 is 
continuously somewhat behind in time, that is, *rt represents the quality of such 
signals that the RSSI receiver has already forwarded to the receiver 5 of the 

20 base station BTS1. This means in such a time division system as the GSM 
system that the RSSI receiver makes decisions associated with beam 
selection on the basis of some time slots old quality information. This delay is 
not harmful as a subscriber of the system hardly even notices if a few time 
slots were left out of the ongoing connection because of an incorrect beam 

25 selection. To take the delay explained above into consideration, the RSSI 
receiver must, however, have a time-slot-specific memory 14 to which the 
information received by the quality signal BER can be stored until it is the turn 
of said time slot to receive again. Then the RSSI receiver measures the signal 
level of the signals received by different beams 1 to 4. After this, the RSSI 

30 receiver selects preliminarily for use the two beams with which the signals with 
the strongest signal level have been received. Next the RSSI receiver 8 
retrieves from the memory 14 the quality information corresponding to this time 
slot. If the information in the memory 14 indicates that signals with a quality 
level falling below the predetermined quality level have been received by 

35 either of the preliminarily selected beams in the previous time slot or time 
slots, the RSSI receiver selects another beam in place of this beam, preferably 
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a beam with which the signals with the next strongest signal level have been 
received. 

Figure 2 illustrates the directing of the antenna beams 1 to 4 of the 
base station BTS1 in Figure 1. Figure 2 shows one of the base station sectors 
5 whose boundaries are illustrated with broken lines R and to which four 
antenna beams 1 to 4 are directed. These beams thus receive radio signals 
associated with the same logical channel, which signals are directed to the 
RSSI receiver of Figure 1. 

The mobile station MS shown in Figure 2 is situated at a point were 
10 the beams 1 and 2 overlap. Therefore the base station BTS1 is able to carry 
out diversity reception by these beams. If then it should be found out that the 
quality of the signals received with the beam 2 falls below the predetermined 
quality level, the RSSI receiver can stop utilizing the beam 2 and replace it by 
the beam 3, for example, in which case the effect of disturbing signals 
1 5 originating from the direction of the beam 2 can be minimized. 

Figure 3 shows a flow diagram of a first preferred embodiment of 
the method of the invention. The flow diagram of Figure 3 can be applied to 
the selection of antenna beams of the base station of Figures 1 and 2, for 
example. 

20 In block A the base station starts establishing a connection to a 

mobile station situated in its coverage area. In that case the RSSI receiver 
receives a burst from this mobile station by all antenna beams 1 - n directed to 
the cell in question. 

in block B the RSSI receiver measures the signal level of the 

25 received signal separately for the signals received by means of each beam. 

In block C the RSSI receiver selects for use the beam by means of 
which the signals with the strongest signal level have been received. If it is a 
base station that applies diversity reception by two beams, as in the case of 
Figures 1 and 2, the RSSI receiver of course selects for use two beams 

30 instead of one. 

In block D the base station measures the quality of the signal or 
signals supplied to its receiver, by calculating a bit error ratio for them, for 
example. After this, the base station generates a quality signal responsive to 
the quality of the signals, which quality signal it supplies to the RSSI unit. The 

35 RSSI unit stores into memory the information included in the quality signal until 
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it is the turn of the time slot (logical channel) corresponding to this information 
to receive next. 

In block E the RSSI unit receives a new burst from the same mobile 
station, in which case when selecting the beam, it checks from the memory if 
5 the signals received by the antenna beams selected in connection with the 
reception of the previous/preceding bursts of the same time slot were of a poor 
quality. If it should be found out then that one of the selected beams has then 
received signals of a poor quality, block F is entered. If, vice versa, the 
previously selected beams have received signals of a good quality, the RSSI 

10 receiver again selects for use the beams whose signal levels are the highest. 

In block F the RSSI receiver selects for use the beam by means of 
which the signals with the next strongest signal level have been received. That 
is, an antenna beam via which poor quality signals have been received 
previously (e.g. within a time period of a certain length) is not selected, 

1 5 although the signals with the strongest signal level were received by means of 
it. In place of this beam that has selected poor quality signals, the RSSI 
receiver selects some other beam. 

The beam selection illustrated in the flow diagram of Figure 3 can of 
course vary somewhat case by case depending on the conditions. To make 

20 the beam selection more effective, it may be advantageous in some conditions 
that the RSSI receiver maintains in the memory a log of the best beams on 
each frequency and in each time slot, and sets the available' beams into order 
on the basis of signal strength and quality. In this log the RSSI can also keep 
an account of the time and frequencies where disturbance was present. By 

25 utilizing this log, the RSSI receiver may try to select for use the first ranked 
beam, or if on the basis of information stored in the log, it is a regularly 
occurring disturbance (such as a faulty radio link), the RSSI receiver can 
select for use the one of the useful beams that comes from the greatest angle 
with respect to the disturbance. 

30 To eliminate the effect of a temporarily occurring disturbance, the 

RSSI receiver should be given a limit after which the RSSI receiver will not any 
more try to provide the receiver with a specific signal within a time period of a 
certain length, for example, if the quality of this signal is repeatedly found to be 
poor. Thus it is possible to avoid a situation where the RSSI receiver 

35 repeatedly tries to provide the receiver with a specific disturbance signal by 
means of different beams. 
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Figure 4 illustrates a first preferred embodiment of the cellular radio 
system of the invention. The system of Figure 4 may a GSM system, for 
example. 

Figure 4 shows four base stations BTS1 to BTS4, each of which 
5 comprises means for establishing a connection to mobile stations in their radio 
coverage area. The base stations repeat signals of one other for example so 
that the telecommunication signals received by the base station BTS1 from the 
mobile station MS are forwarded via the base station BTS2 to the base station 
controller BSC and further via the mobile services switching centre MSC to a 
10 public switched telephone network. Data transmission connections between 
the base stations BTS1 to BTS4 t the base station controller BSC, the mobile 
sen/ices switching centre MSC and the network management centre O&M can 
be formed of wired telecommunication connections, or alternatively, of radio 
links, for example. 

15 In accordance with the invention, each base station BTS1 to BTS4 

comprises means for transmitting information representing the signal level 
RSSI and quality BER of the received signal to the network management 
centre O&M. Each base station preferably transmits this information at least 
for the beams that its RSSI receiver has selected for use. To reduce the 

20 amount of information to be transmitted, the base station may alternatively 
send this information to the network management centre O&M only when one 
of the base station receivers has received signals with a strong signal strength 
whose quality falls below a predetermined quality criterion. 

The network management centre O&M comprises data processing 

25 means 16 for processing data received from different base stations. Hence the 
operator can monitor from the network management centre O&M the 
disturbances occurring in different parts of the network and even try to locate 
the source of disturbance by means of this information. That is, if, for example, 
a specific base station repeatedly transmits information of disturbing signals 

30 which continuously disturb the same frequency channel and the same antenna 
beam, the operator may detect this by compiling statistics of this information 
transmitted to the network management centre and try to locate the source of 
disturbance. To make this possible, the information transmitted from the base 
station should include information at least about: 

35 - the frequency channel on which disturbance occurred, 
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- the identifier of the antenna beam with which disturbances were received, 
and 

- the time when disturbance occurred. 

By means of the information received by the data processing 
5 means 16, the operator can thus try to find out if one of the cells is 
continuously disturbed, if the disturbance is internal or external to the network, 
and from which direction the disturbance is coming. 

It is to be understood that the foregoing explanation and the figures 
relating thereto are only intended to illustrate the present invention. Different 
10 variations and modifications of the invention will be obvious to those skilled in 
the art without deviating from the spirit and scope of the invention disclosed in 
the appended claims. 
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CLAIMS 

1 . A method for selecting an antenna beam of a base station of a 
radio system from among two or more optional antenna beams, which antenna 
beams are arranged to receive signals associated with the same logical 

5 channel, in which method 

antenna means of the base station are provided with measuring 
means for measuring the signal level of a received signal, the signal level (A, 
B) of the signals received by different antenna beams is measured and the 
antenna beam that has received the signals (C) with the strongest signal 
1 0 strength is selected for use, and 

the signals received by the selected antenna beam are supplied 
further to a receiver unit of the base station situated at a distance from the 
antenna means, characterized by 

monitoring the quality (D) of the signals received by the receiver 
1 5 unit of the base station by means of said selected antenna beam, and 

selecting some other antenna beam (F) for use in place of the first 
selected antenna beam if the quality of the signals received by the receiver 
unit falls below a predetermined reference level. 

2. A method according to claim 1, characterized in that 
20 signal quality is monitored by monitoring the signal noise ratio, the bit error 

ratio or the quality class of the signal received by the receiver unit. 

3. A base station of a radio system whose antenna means (11) 

include: 

means (6 to 8) for receiving signals associated with the same 
25 logical channel by at least two antenna beams (1 to 4), 

measuring means (8) for measuring the signal level of the signals 
received by the antenna beams, and 

control means (8) for selecting one or more antenna beams (1 to 4) 
and for supplying the signals received by means of the selected antenna beam 
30 or antenna beams further to a receiver unit (5) of the base station (BTS1) 
arranged at a distance from the antenna means, characterized in that 
the base station (BTS1) comprises means for measuring the quality 
of the signals received by the receiver unit from the antenna means (11) and 
for generating a quality signal (BER) responsive to the quality of the signals 
35 and for supplying it to the control means (8), and 
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that the control means (8) are arranged to select said one or more 
antenna beams (1 to 4) on the basis of the signal level measured by the 
measuring means and the quality signal (BER) supplied to the control means. 

4. A base station according to claim 3, characterized in that 
5 the control means (8) are arranged to an antenna mast of the base station in 

the immediate vicinity of an antenna element or antenna elements. 

5. A base station according to claim 3, characterized in that 
the control means (8) are arranged to select the antenna beam (1 to 4) or 
antenna beams having received the signals with the strongest signal strength 

10 when the quality signal (BER) indicates that the received signals are of a good 
quality, and that the control means (8) are arranged to select for use the 
antenna beam having received the signals with the next strongest signal 
strength when the quality signal (BER) indicates that the signals received by 
means of the first selected antenna beam are of a poor quality. 

15 6. A base station according to claim 3, characterized in that 

said quality signal (BER) is responsive to the signal noise ratio, the bit error 
ratio or the quality class measured by the base station. 

7. A base station according to claim 3, characterized in that 
the frequency channels of the radio system are divided by the TDMA principle 

20 into logical channels, in which case the base station (BTS1) comprises means 
for generating a clock signal (CLK) indicating a change of time slots and for 
supplying it to the control means (8), and 

that the control means (8) include memory means (14) for storing 
the information included in the quality signal (BER) separately for each time 

25 slot, in which case the control means are responsive to the clock signal (CLK) 
for retrieving the information stored into the memory means (14) for a specific 
time slot and for utilizing the retrieved information in the selection of the 
antenna beam (1 to 4) when the clock signal (CLK) indicates it is the turn of a 
new time slot to receive. 

30 8. A base station according to claim 3, characterized in that 

the control means (8) include data processing means for maintaining a log for 
each antenna beam at least of the frequency channels and the time when with 
a specified antenna beam (1 to 4) the signal level measured by the measuring 
means exceeds a specified limit and the quality signal (BER) supplied to the 

35 control means (8) indicates that the received signals fall below the specified 
quality level, whereby in addition to the signal level measured by the 



WO 97/44978 



PCT/FI97/003O7 



14 

measuring means and the quality signal supplied to them, the control means 
(8) are arranged to take into account information recorded in the log in the 
selection of said one or more antenna beams (1 to 4) in such a manner that 
the control means select the antenna beam whose quality level exceeds a 
5 specified reference level on the basis of the statistics at the moment in 
question and on the frequency channel in question. 
9. A cellular radio system including 

a base station (BTS1) comprising antenna means (11) arranged at 
a distance from the base station for receiving radio signals associated with the 

10 same logical channel by at least two antenna beams (1 to 4), measuring 
means for measuring the signal level of the signals received by the antenna 
beams, and control means (8) for selecting one or more antenna beams (1 to 
4) and for supplying the signals received by means of the selected antenna 
beam or antenna beams further to a receiver unit (5) of the base station, and 

15 a network management centre (O&M) connected by means of a 

data transmission connection (15) to the base station (BTS1), character- 
ized in that 

the base station (BTS1) comprises means for measuring the quality 
of the signals received by the receiver unit (5) from the antenna means (11) 

20 and for generating a quality signal (BER) responsive to the quality of the 
signals and for supplying it to the control means (8), in which case the control 
means are arranged to select said one or more antenna beams (1 to 4) on the 
basis of the signal level measured by the measuring means and the quality 
signal (BER) supplied to the control means, 

25 that the base station (BTS1) comprises means for sending 

information representing the signal level (RSSI) of the received signals and the 
quality of the signals (BER) received by the receiver unit separately for each 
antenna beam to the network management centre (O&M) by means of said 
data transmission connection (15), and 

30 that the network management centre (O&M) includes data 

processing means (16) for processing data received from the base station 
(BTS1) to find out the disturbance level in the environment of the base station 
(BTS1). 
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